The past couple of decades have seen what amounts to skills revolution in urban and regional economic research. From industrial location theory and Alfred Marshall's concern for agglomeration to more recent research on high-tech districts and industrial clusters firms and industries has been the dominant unit of analysis. But since the 1990s there has been a growing focus on skills. This broad research thrust includes studies of human capital; the creative class and occupational class more broadly; and physical, cognitive and social skills, among others. This research highlights the growing geographic divergence of skills across cities and metros and their effects on regional innovation, wages, incomes and development broadly. A growing literature notes the growing importance of place in organizing and mobilizing these skills. Studies have focused on the role of amenities, universities, diversity and other place-related factor in accounting for the growing divergence of skills across locations. This article summarizes the key lines of research that constitute the skills revolution in urban and regional research
Introduction
A large and influential body of research on the role of skills in regional economic growth and development has emerged over the past decade or so. This work on skills has greatly expanded our understanding of the nature, role and mechanics of regional growth and development. This relatively recent line of research can be divided into two main thrustsstudies that focus on and measure human capital in terms of educational attainment and those that measure skills via occupations.
This work represents something of a break with an earlier focus on the role played by firms and industries. Classical location theory (e.g. Weber 1909; von Thünen 1926; Christaller 1933 ) emphasize the transportation costs and tradeoffs made by large industrial firms. Marshall long ago noted forces and factors that cause firms to agglomerate. Building on his work, economists have catalogued the factors including proximity to natural resources and transportation routes, shared inputs, knowledge spillovers and access to labor that lie behind such agglomerations or clusters. During the 1980s, economic geographers identified the rise of industrial districts and flexibly specialized industrial networks as alternatives to vertically integrated production by large firms (Piore and Sabel 1984; Christopherson and Storper 1986; Scott 1986 ). Porter (1990) identified four key reasons behind geographic clusters including factor conditions, demand conditions, related and supporting industries, and strategy, structure and rivalry. Others have noted the role of social factors such as social capital and trust as additional factors orienting geographic clusters (Saxenian 1994; Dei Ottati 1994) .
Interest in skills and human capital dates back a long way. In his classic work on The Wealth of Nations (1776) Adam Smith identified the "acquired and useful abilities of all the inhabitants or members of the society" as something akin to a "fourth factor of production" (e.g. Samuelson and Nordhaus 2004) operating alongside land, labor and production, noting that: "The greatest improvement in the productive powers of labour, and the greater part of the skill, dexterity, and judgment with which it is anywhere directed, or applied," he wrote," seem to have been the effects of the division of labour" (Smith 1776 ; book 1, p. 7). Still, until recently the great preponderance of economic and regional research has focused on the firm and firm location in order to understand geographical differences in economic performance.
Nearly a half century ago, however, Jane Jacobs (1961 Jacobs ( 1969 noted that what distinguished cities and propelled their economic growth and development was not firms, but the geographic clustering of diverse and talented in cities. In the mid-80s, Thompson (1986) called attention to the role of occupations in regional development, saying that we need to look beyond the products a city makes and instead examine the roles it plays and the skills it performs. This in turn will shift the emphasis from the industry perspective to more long-run power and potential of local (human) resources. Building on Jacobs, Lucas (1988) suggested that knowledge is embodied in human beings rather than in industries, and that human capital externalities that stem from a concentration of highly educated individuals are the key motivating force in economic growth and development. Over the past decade or so, a growing body of research has identified the growing concentration and geographic clustering of skill as the key factor in regional growth and development. This research has noted a growing divergence in the geographic location and concentration of skills and their increasing importance to regional innovation, productivity and growth. A debate has emerged over how best to measure skill. There is a long literature on the role of educational based human capital, at the regional as well as national levels, in economic performances. More recent research has shifted attention to occupation-based measures of skill and also to more discrete measures of occupational skill itself.
Some have also invoked the classic-chicken and egg question: what comes first they ask -firms or skills? In our view this is a misleading question. It can be better framed in terms of demand and supply, where firms comprise the demand for skill, with skills thus functioning as supply. This is not so much a chicken and egg or either/ or question, but a question of how firms and skills interact to inform regional economic growth. The analog is of course producers and consumers, can one entangle which of these came first. They require each other.
This chapter focuses on the growing attention paid to and the importance of skills for regional economic development and growth. It summarizes the major thrusts and contributions of the field. In doing so, it distinguishes between education-based and occupational definitions of skills. It discusses the opportunity to link firms and skills -or industries and occupations -in order to gain more robust theories and empirical research on the key factors that shape regional economic growth and development.
The Firm/ Industry Focus in Regional Research
Historically, regional economists have focused on the firm as the unit of analysis (e.g. von Thünen 1926; Weber 1909; Christaller 1933; Ohlin 1933; Hoover 1937 Hoover 1948 Lösch 1940 ).
This also stems from a strong tradition built on the work by Marshall (1890), who argued that firms cluster to achieve the advantages of collocation, such as shared labor markets, shared inputs, risk minimization and knowledge spillovers. Hotelling (1929) showed how firms producing similar types of products and that don't compete based on price have incentives to collocate next to one another. This focus on the firm developed just as the economy was moving away from agriculture toward large industrial firms and heavy industry. This was a time when transportation costs were high and location decisions were heavily influenced by proximity to natural resources.
This was the backdrop for the focus on the firm, and in particular on the large firm as the dominant unit of analysis in urban economics, economic geography and regional science. Many studies focused on the location and site selection decisions by these firms and later on the location choices of their branch plants. Vernon (1966) advanced a simple model of industrial location based on the product cycle -firms would decentralize production through branch plants once production processes became standardized. Others later focused on the growing international spatial division of labor informed by the location decisions and global reach of these multinational firms (Froebel et al. 1979; Massey 1984) . There was little inclination to examine the role of human capital or occupations as most jobs were standardized. When labor was considered, it was mainly seen as a cost to minimize.
Post-Industrialism and the Knowledge Economy
This changed however with the shift from an industrial to post-industrial economy. Machlup (1962) and Drucker (1969 Drucker ( 1993 described the rise of the" knowledge economy" and of "knowledge workers." Bell (1973) identified the shift to a "post-industrial society" with a new class structure based on scientists, managers, administrators, and engineers. Andersson (1985b) emphasized the broader societal change from the manufacturing-based economy to the "C-society" based on creativity, communication, culture, and knowledge. Florida (1995) and Kenney and Florida(1993) identified the rise of new systems of industrial production, especially among Japanese firms, which gained competitive advantage by tapping the knowledge and intelligence of factory workers.
The 1980s saw increasing interest in the shift from vertically-integrated to flexibly specialized production systems (Piore and Sabel1984; Harvey1988) , as well as later Storper (1994) . This body of research identified the rise of networked production systems based on "flexible specialization". As production standardization decreased, workers were enabled to have a wider range of expertise, which led to a continuous firm learning process.
This distinction between knowledge based production and more standardized goods production has several implications for regional development. First, standardized production can take place almost anywhere, where labor and land rent are cheap, and the final product can thereafter be sent to the market place for consumption. In other words, production and consumption do no need to take place in the same location. Knowledge production, on the other hand, is most often related to service goods, where there is a need for producers and consumers to meet contemporaneously in the market place. Knowledge products are therefore in general more distance sensitive and more attached to the region where the economic activity is located (Quigley and Johansson 2004) . Second, knowledge and creative workers not only function as producers of high value goods, they also consume them. Glaeser et al. (2001) describe how increased average incomes based on the re-allocation of labor into more productive sectors has changed the role of the regions. As incomes rise, people demand more normal and luxury goods, rather than necessity goods, and those will mainly be provided in bigger cities. Higher incomes also increase the opportunity cost of not working as well as the cost for commuting. Altogether, the increasing incomes and increased cost for commuting create stronger incentives to locate in cities.
The distinction between knowledge-based and standardized manufacturing industries can be problematic when industry data is being used. The same industry codes may imply very different functions and tasks, and those often come with a spatial fragmentation. Multinational companies often locate the labor-intense low-skilled functions in less developed, low-wage countries, but keep the more high-skilled functions in the western world. To best illustrate this, one needs to understand the occupational and educational structure within the growing creative and knowledge-based industry sectors compared to the one within more traditional sectors.
Human Capital
Most research on skills is organized around the construct of education based human capital. Human capital theory postulates that wages rise with the level of knowledge or skill (Becker 1964 (Becker 1993 and a traditional Mincer (1974) equation suggests that wage is a function of hours worked, skills and education. Optimally, wage levels should be in proportion to the stock of human capital, since this affects the value of workers' marginal product. At the aggregated level, wages are thus set by the regional supply and demand for labor. Regional wage levels would thereby be directly related to regional labor productivity. In on a micro level this may be distributed unevenly. Two regions can reach the same wage levels based on (1) a homogenous labor force or (2) a labor force consistent of high and low knowledge labor that together reach the same result. But at the aggregate level, the regional wage level will reflect regional labor productivity. Wages can also be a function of a number of other factors, such as gender, immigration background, race etc. Becker (1957) also suggests that discrimination, e.g. based on factors such as race and gender, may disturb the relation to wages, and also decrease productivity, since people may be hired more based on individual traits than how suitable they are for the job.
A wide range of empirical studies have documented the role of human capital in national growth. Barro (1991 Barro ( 1997 as well as Mankiw, Romer and Weil (1992) have illustrated this empirically. Similar studies have also been done later on by for example de la Fuente and Domenech (2006) as well as Cohen and Soto (2007) , still with similar results.
However, the stream of research by regional economists, such as Harvard's Edward Glaeser with collaborators, has suggested that it is harder to estimate the human capital (educational effect) on economic growth for nations than for cities, since national growth to a larger extent will be affected by institutional differences as well (Glaeser et al. 2004) . Another reason why cities may be a more appropriate level of analysis is that cities make up meaningful economic units (Duranton 2004) , while regional and national divisions otherwise tend to be more arbitrary and based on political decisions.
While human capital externalities affect regional productivity in cities, there are also more straightforward explanations to why we would expect a relation between higher levels of human capital and productivity. Human capital has become more unevenly distributed and concentrated over time. Berry and Glaeser (2005) have shown how human capital levels have become more and more concentrated over the last century, and how this is endogenous process where places with initially high values have increased their human capital levels more over time than other places that started off a lower position. Ullman (1958) was one of the first to note the role of human capital for regional development. Ever since, considerable research has found significant relations between education levels and wages in cities and metropolitan areas. Rauch (1993) found that human capital intense cities are more productive and that an increase by one year in education increases productivity by three percent. Glaeser (2000) provides empirical evidence on the correlation between human capital and regional economic growth. Firms locate in areas of high human capital concentration to gain competitive advantages, rather than letting suppliers' and customers' geography alone dictate their location. Glaeser and Saiz (2003) find that skilled cities grow, relative to less skilled cities, through increases in productivity.
Occupations and the Creative Class
While the great preponderance of research on regional development uses human capital as a proxy for skill, a second approach has also emerged over the past decade which suggests that occupations may be a better proxy for skill. Thompson long ago suggested the need to utilize occupational analysis in regional development research (Thompson 1983; Thompson and Thompson 1987) . Feser (2003) This approach focuses on creativity itself and not education as a proxy for skill.
Research in psychology has shown that creativity is a fundamental and intrinsic human capability. Where Marx (1906) and other classical economists looked at physical labor -in other words, the ability of humans to transform nature, create farms and build manufactured products -in reality is our underlying creativity which makes us different than other species.
According to Sternberg (1999) , this is what entrepreneurs, CEOs, artists, and technologists, as well as all children, have in common -our creative capacity. Amabile (1996) defines creativity as the development of new ideas -as embodied in products, practices, services, or procedures -that are potentially useful. In studies by Smith et al. (1984) creativity is separated from intelligence and education, and these three factors are regarded as both substitutes and complements in the productive process carried out by individuals. In works by Csikszentmihalyi (1996 ), Weisberg (1999 ), and Runco (2004 , creativity is a necessary condition to adopt and react to the constant changes around us. On an individual level there is a close relation between creativity and productivity (Amabile 1983 (Amabile 1996 , and creative people are even proven to be more happy in general, as well as more committed and self-actualizing (Csikszentmihalyi 1997) . Personality and cognitive characteristics make some individuals more creative than others (Woodman et al. 1993; Amabile 1983 Amabile 1996 , and the level of creativity is often affected by the social and organizational context (Rasulzada 2007).
Poincaré (1908) made comparisons between the creativity of a mathematician and an artist in his famous work Mathematical Creation. The mathematician is described as an artist, rather than a scientist. Halmos (1968) makes a comparison between the creativity in mathematics with the creativity within painting (page 380): "mathematics is never deductive in its creation" -"perhaps the closest analogy is between mathematics and painting…Almost every aspect of the life and of the art of a mathematician has its counterpart in painting. Sternberg (1999) notes that creativity is a common denominator across disparate fields: "If one wanted to select the best novelist, artist, entrepreneur, or even chief executive officer, one would most likely want someone who is creative." Florida (2003) identifies three types of creativity: (1) technological creativity or innovation, (2) economic creativity or entrepreneurship, and (3) artistic or cultural creativity.
He argues that these three types are mutually dependent and that they simulate and reinforce one another. Kanter (1988) highlights that creativity also comes with costs. It is often an uncertain process that includes the risk for failure, stress and other negative effects. Creative ideas challenge established norms and bring disorder, which imply a risk since creative people tend to be met with resistance and skepticism. Kuhn (1962) extensively describes how difficult it is to change systematic beliefs and explain that the only reason science change is because old scientists die. Boden (1997) remarks that similar conditions hold for e.g. arts, music and poetry, where the orthodoxy works as a constraint on the novelty and the individual expression. Keynes's (1932) noted he need for close interaction when novel ideas are introduced, in order to overcome the skepticism of the audience. Not only must new ideas be presented, they need to be accepted as well. Jacobs's (1969) saw cities as arenas for the generation of new ideas, and as ideal places for creative industries, whose production processes are related to higher risks, shorter life cycles and often unique products
The occupational approach differs from the more conventional human capital perspective in how skill is conceived and measures. The educational based human capital is purely supply based, in other words, the amount of knowledge offered at the labor market. On the other hand, it says very little about how this knowledge is being used. Creative class is a combination of supply and demand driven qualified labor. In order to be included in the creative class, you do not only have to have a certain amount of skill, knowledge or creativity to offer at the labor market -the labor market must also be willing to pay for that kind of skill.
While human capital and creative occupations overlap, they are not the same thing.
Research based on micro data for the U.S., Canada, Sweden and Denmark, illuminates this difference. For the U.S. 35 percent of the labor force belong to the creative class, and 29 percent has a university degree. Out of everybody with a university degree, only 72 percent has a creative job, and out of all creative class workers only 59 percent has a university degree (Stolarick et al. 2010) . Other research examined the differences between the occupational based creative class and educational based human capital for US metropolitan regions (Florida et al. 2008) and finds that human capital is more related to regional income levels, and while creative class is more linked to average wage levels, and also suggest that wages are more place based than income. Incomes can be earned and transferred more easily from other places (and even globally) while wage structures relates to the industrial and occupational set up in the region where the wage is being earned. Mellander and Florida (2009) find that the creative class significantly outperforms human capital in order to explain regional wage levels in Sweden. McGranahan and Wojan (2007) find that creative class is a strong explanatory factor not only in bigger cities, but also in rural areas. However, they suggest that the measure become even more powerful if education, training, and library positions, as well as healthcare practitioners are excluded in the measure. Gabe et al (2007) came to a similar conclusion. In a study of European regions, Andersen et al. (2010) find the creative class to be significantly related to regional economic performance. Boschma and Fritsch (2007) find that creative class is a stronger explanatory variable than education based human capital in relation to innovation and new firm formation, but that human capital is more strongly related to patenting (2009). Marlet and Van Woerken (2004) find that creative class outperforms human capital in order to explain regional wage levels in the Netherlands.
An important wave of recent studies has focused more on skills themself. Rather than examining the occupation, there is instead a focus on the skills and knowledge required by that occupation. This research uses new data from the US Bureau of Labor Statistics O*NET data base which collects detailed information on the actual skill content of work for more than 800 individual occupations. Bacalod and Blum (2005) examined the association between four key skills -physical, motor, cognitive, and social skills -and found higher returns to cognitive and social skills, which in turn can help explain the decreased gender wage gap. A follow-on study (Bacalod et al. 2009 ) observed a connection between skill type, finding social and cognitive skills to be associated with larger cities and metros. Feser (2003) identified the general knowledge requirements across occupations and the economic returns they generate.
Feser also shows the need for an occupation-based analysis, where similarities and dissimilarities across occupations are taken into account and grouped in a more meaningful way, in order to understand regional development. Gabe (2009) differentiates between skill requirements and the returns they offer in private and public sectors. He also shows how spillover effects enhance earnings in metropolitan regions with higher shares of highknowledge occupations. Scott (2009) examined the connection between skills and regional employment, finding the largest increases in regional employment to be associated with cognitive-intensive occupations, with substantial employment declines for occupations that depend on physical skills. Florida et al. (2011) define three skill sets -analytical, social, and physical -and note the increasing returns generated by analytical and social skills over time, and decreasing returns to physical skill. They reinforce the key findings of Bacalod et al.
(2009) regarding the concentration of analytical and social skills in larger metros. They conduct regression analysis including factors for both high tech industry concentrations and education levels and find that analytical and social skills still are significantly associated with higher wage levels.
The Organizing Role of Place
If industrial production was organized in and around firms, knowledge-based or creative production is organized in cities. For decades, many assumed that advance in technology would underpin far-flung globalization enabling production to be broken apart and people to live virtually anywhere. Many proclaimed the end of geography, the death of distance, the decline of place and the flattening of the world (e.g. Friedman 2005 ). But that is only half the story. As Porter has notes, many predicted the rise of globalization and end of place, and that confused many otherwise smart people (Business Week 2006). But the empirical facts are that more than half the world population lives in cities and urban areas, the highest at any point in history (UNFPA 2007) . And the economic activity produced by the biggest metro areas account for a substantially greater economic value than their population size. The top ten metros, which house approximately 2.6 percent of the world's population, account for more than 20 percent of global economic activity . Glaser (2011) identifies cities as the world's key economic actors, indicating a triumph of the city.
Cities not only make people and industries more productive, they even improve the conditions to the least well off. Glaeser et al. (2001) suggest that this is a result of the relatively lower cost of transportation of the latest ideas and information, which tend to be more time-sensitive and in a higher demand of face-to-face interaction and urban density. This is in line with Keynes (1932) who, in Essays in Persuasion, emphasized the need for didactics and persuasion in relation to creative processes. Not only should new and innovative ideas be presented, they need to overcome the skepticism of the audience, which in practice only can be made through close interaction.
As early as 1969, Jacobs leveled a fundamental critique of Adam Smith's notion of the division of labor captured in his famous pin factory example. Smith's story, she argued, emphasized efficiency. But the key to economic growth is innovation. Innovation, she continued, comes principally not from firms, but from cities which enable the constant combining and recombining of key inputs, including skilled people. While firms deepen and specialize the division of labor, cities, with their clustering force and combination and recombination of skilled individuals, give rise to new innovations and economic development.
Building on Jacobs' insight on cities (1961 1969) , Lucas (1988) modeled the importance of investment in education for productivity, which rewarded him the Nobel Prize.
Lucas later said that Jane Jacobs was the one who should have received it for her contributions. Lucas also showed how collocation of skilled, talented, ambitious, and entrepreneurial people led to so called "human capital externalities". Having many driven people in the same locale will lead to spontaneous interaction and activities where they learn from one another, without any specific cost related to it. Lucas formalized the role of dense urban areas which localize human capital and information, create knowledge spillovers, and become engines of economic growth. Cities reduce the cost of knowledge transfer, so ideas move more quickly, in turn giving rise to new knowledge more quickly.
Caves (2002) shows how creative industries are more likely to be organized as geographic clusters of creative individuals as opposed to vertically integrated firms. Creative industries have higher levels of uncertainty and production challenges due to multiplicative production functions, where every input is non-substitutable and therefore must be present in order to produce. Further, shorter life cycles and a constant need for re-invention demands a closer interaction between consumers and producers, as well as more new skill combinations for a faster generation of new ideas. For these reasons, creative industries tend to be organized flexibility in places rather than in vertically integrated firms. Florida (2002 a, b, c) focuses on the characteristics of places that attract highly skilled individuals. Building on research by e.g. Rosen (1979) and Roback (1982) on migration across regions, Florida (2002a, b, c) suggests that in addition to the human capital externalities and productivity and innovation enhancing functions of places, they also act on the consumption preferences of skilled individuals. This reasoning is considerable advance over earlier theories that comparative advantage stems merely from business friendly environments, lower taxes, and lower overall firm costs. Clark et al. (2002) argues the regional winners will be those that maximize individuals' utilities and not just their incomes. Glaeser et al. (2001) also examined the factors that attract skilled labor to cities, and come to the conclusion that the most attractive cities are those that offer consumption rather than production. Cities with a diverse consumption of goods and services are more appealing than cities that do not. Glaeser et al. (2001) found that higher amenity cities attract more skilled labor and grow faster. This result is also in line with Florida et al. (2011a) who find that individuals who find their communities aesthetically appealing are more satisfied with their places, and that beauty is a stronger explanatory variable than for example job opportunities, housing markets, high quality public services, etc. Florida et al. (2011a, b ) also illustrate how place-specific characteristics, such as the ability to meet and make friends, quality of public schools, and being able to get from one place to another without too much traffic, are significantly more related to community satisfaction and the likelihood of staying in a place, even more so than economic variables, such as the ability to get a job or perceived future economic conditions, or individual characteristics.
Florida argues that skill needs to be considered not as a stock but as a flow which is highly mobile. A key factor here is low barriers to entry also referred to as tolerance (Florida 2002a, c) . Smart, talented people, whether in the form of human capital or creative class, are attracted to open and tolerant places where ideas will be accepted and can float freely between individuals. It will also improve the chances of a meritocracy based labor market, which is necessary for it to function efficiently, which Becker noted in the 1950s. Further, not only is openness and tolerance a condition for attracting talent, it is also a way of increasing the probability of turning new ideas into economic value. Jacobs (1961 Jacobs ( 1969 also showed how open and diverse places attract people of different backgrounds and how this can be linked to creativity and innovation, and in the end economic growth.
Research by Inglehart and his collaborators finds that openness is related to economic growth in studies covering more than sixty countries over four decades (Inglehart 1989 (Inglehart 1997 Inglehart and Baker 2000; Inglehart and Norris 2003) , According to Inglehart, the best indicator of national tolerance is openness to gay and lesbian people. Florida (2002a, c) used a similar variable, concentration of the same population group, to proxy for regional openness in the U.S. Florida et al. (2008) later used it in a multivariate context and found it a significant contributor in order to explain the distribution of both highly educated and the creative class across metropolitan areas.
Conclusions
This essay has traced the skills revolution in urban and regional research. The long sweep of urban economics, regional science and economic geography research has focused on the firm and industry as the key unit of analysis. But the past couple of decades have seen increasing concern for skills. The skills revolution is rooted in the changing nature of the economyfrom an older industrial economy to a newer one based upon knowledge, innovation and skill. Research has focused on the role of human capital, the creative class and occupational classes and on skills themselves. The skills revolution has also informed increased concern for and understanding of how places operate. Research has focused on the role of amenities, universities, diversity and other characteristics of places in accounting for the dispersion, uneven location and geographic mobilization of skills.
We suggest it is time to get beyond the either/or focus on firms and skills, industries and places. Both are veritable flipside of the same analytic coin. The proverbial chick and egg problem is in our view a false dichotomy. Both firms and skills industries and places play a key role in and are required for regional development a complex iterative development process. An important task for future research is to bring these foci together.
With recent conceptual advances combined with the availability of micro-data on skills and firms, it is now tie to bring the two together. And important line of future research needs to identify the ways firms and skills work together to structure regional growth and development. The skill revolution has been a powerful one, advancing our understanding of the importance of skills, their growing divergence over space, and the way they power regional growth and development as well as identifying the key aspects and functions of place. Future research promise even greater advances of how firms and skills come together to power innovation and growth. It is an exciting time to be working in this incredibly rich field.
